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The effects of zinc deficiency on hepatic cell mitotic and peritoneal macrophage phagocytic activities were examined in mice infected with Trypanosoma musculi or immunized with
parasitic products. On a full-complement or pair-fed diet, infected and homogenate-inoculated mice showed mitotic activity gains of 7.9% to 80.3% and 6.5% to 99.0%, respectively.
Infected and homogenate-inoculated mice on a zinc-deficient diet showed 21.8% to 95.7%
and 17.2% to 65.2%, respectively, more dividing liver cells compared with controls. In comparison to controls, macrophages isolated from infected and homogenate-immunized mice
on full-complement or pair-fed diets had phagocytized 13.4% to 31.4% more latex particles
from day 50 to 80. In the zinc-deficient group, macrophages isolated from infected mice had
significant numbers of phagocytized latex particles (1.8% to 38.5%) from day 20 to day 80
compared with controls. The homogenate-immunized mice also had increased numbers
(1 8.6 to 30.8%) of phagocytized latex particles. (J Natl Med Assoc. 1 997;89:259-267.)
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Despite the well-known biochemical and physiological importance of zinc`6 and its implication in
the pathogenesis of disease states,7-'0 the presence of
this trace element in various tissues, fluids, and
body secretion is highly variable and can be affected by development, growth, hormones, stress, and
the inherited disorders in zinc metabolism.6"1"2
In plasma, about 65% of portal zinc is associated
with albumin and a portion of the remainder with
other proteins, notably alpha-2-macroglobulin and
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transferrin. Besides the protein-bound fraction, a
small proportion of the metal in plasma exits as an
ultra-filterable segment, mostly bound to amino
acids.6'7 Once absorption has occurred, substantial
amounts of zinc are taken up by the liver13 and subsequently redistributed to the other tissues, mainly
bone and muscles. 14 Additionally, a large amount of
the micronutrient may be provided by the catabolism of muscle tissue for short-term redistribution to
appropriate cellular sites. 14-16 Zinc also acts as a specific mitogen by increasing blastogenic transformation and mitosis of lymphocytes, 7 retarding migration of polymorphonuclear leucocytes into an
induced sterile inflammatory reaction, and restricting chemotactic responses.18-20
Since some investigations have shown that polymorphonuclear cells and macrophages are important in immunity to trypanosomes,21-25 the present
project was designed to study the hepatic cell's
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mitotic and peritoneal macrophage phagocytic
activities during Trypanosoma musculi infection in
zinc-deficient mice.

MATERIALS AND METHODS
Experimental Mice
A total of 1680 Swiss Webster female albino mice
weighing approximately 12 g were used. Mice were
quarantined for 7 days on their arrival and subsequently divided into their respective dietary groups.
The mice were housed in stainless steel cages with
wire-mesh bottoms, and their quarters were kept on
a 12-hour light and dark cycle. A mean temperature
of 24°C and a humidity of 55% were maintained in
this housing facility.
All diets were purchased commercially from ICN
Nutritional Biochemicals, Cleveland, Ohio. Mice in
the zinc-deficient and control diet groups were
allowed to eat and drink ad libitum. The pair-fed
group (calorie controls) was given control diets in
amounts equal to that consumed by their zinc-deficient paired mates over a 24-hour period. To avoid
any metal contamination of the water glass bottles,
sipper tubes and silicone stoppers were used. In
addition, water analysis by flame atomic absorption
spectrophotometry was performed periodically.

Experimental Organism
Trypanosoma musculi was used as the experimental
260
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parasite. This parasite has been maintained in the
laboratory by syringe passage in mice for more than
32 years.26 Each mouse received an intraperitoneal
inoculum of 0.25 mL sterile of physiological saline
containing 1 X 103 live trypanosomes.

Parasitic Products Preparation
The trypanosomes in blood were washed with
physiological saline by centrifugation two times and
resuspended in culture medium. Medium containing 2X 108 trypanosomes/ml was incubated for 24
hours in a 27.5°C water bath. At the end of incubation, the trypanosomes were separated from the
medium by centrifugation. The medium contained
parasite's metabolic products. The supernatant with
the parasitic products was filtered through a fritted
glass funnel of fine porosity and was stored at
-200C until used. The separated trypanosomes then
were washed in physiological saline and triturated
by sonication to form the homogenate.27

Experimental Procedure
Twenty-eight days after initiation of the dietary
regimen, each of the three major groups of mice
(full-complement, zinc-deficient, and pair-fed diets)
was further subdivided as follows:
* group 1: uninoculated controls,
* group 2: inoculated intraperitoneally -with 0.25
mL of physiological saline,
JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 89, NO. 4
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* group 3: inoculated intraperitoneally with 0.25
mL of physiological saline containing 1 X103
living trypanosomes,
* group 4: inoculated intraperitoneally with 0.25
mL of the parasite's metabolic product, and
* group 5: inoculated intraperitoneally with 0.25
mL of homogenate.
Mice were infected once 28 days after initiation
of the dietary regimen whereas the physiological
saline and parasite derivatives (metabolic product
and homogenate) were injected at 3-day intervals
between days 28 and 80 post-inoculation. Mice
were sacrificed on the 5th and 7th day until day 80
for various analyses. Serum samples also were collected on these days and stored at -20°C until
used.

Parasitemia
Parasitemia was measured by estimation of the
density of trypomastigotes by duplicate hemacytometer counts.28

Measurement of Mitotic Activity in Liver
Tissue sections were prepared as described by
Stich.29 One centimeter cube of liver was fixed in
10% formalin and stained in hematoxylin-eosin.
Counts of mitotic phases and total number of cells
per field were made under oil immersion (magnificationX 1500). Mitotic rates, expressed as the
JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 89, NO. 4
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Number of mitotic phases per
3000 hepatic cells in noninfected (NI) mice and mice inoculated with Tryponosoma musculi

(TM), homogenate (HO), meta-

bolic product (MP), or physiological staline (PS) for the zincdeficient dietary group.

number of mitoses per 3000 cells, were calculated
from the number of cells in 300 fields. All dividing
stages, from the earliest prophase to telophase,
were included in the count of mitotic phases.

Collection and Spreading of Peritoneal
Macrophages
Mouse peritoneal macrophages were harvested
according to the technique described by Cohn and
Benson.30 Cell suspension was adjusted as 5X 106
cells/mL. Two-tenth mL of the cell suspension
from various treatment groups was pipetted separately into Lab-Tek slide chambers (Miles
Laboratories Inc, Napervill, Illinois) and incubated at 370 for 30 minutes. After incubation, the cells
that adhered to the bottom were fixed with citric acidsodium citrate/acetone in the ratio of 2:3 and stained
using the Diff-Quik-Method (American Scientific
Product, McGraw Park, Illinois). The maximum
length of 100 cells was measured under oil immersion
at 1500X magnification, with a micrometer.

Phagocytosis of Polystyrene Latex Particles
by Peritoneal Macrophages
To quantitate the phagocytosis of macrophages,
0.1 mL of 1% suspension of polystyrene latex particles (0.822 p in diameter; Dow Chemicals,
Cleveland, Ohio) and 0.2 mL cell suspension were
mixed and pipetted into Lab-Tek slide chambers.
261
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Number of mitotic phases per
3000 hepatic cells in noninfected (NI) mice and mice
inoculated with Trypanosoma
musculi (TM), homogenate
(HO), metabolic product (MP),
or physiological saline (PS) for
the pair-fed dietary group.
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Figure 2A.

Percent macrophages with
polystyrene latex particles
from noninfected (NI) mice
and mice inoculated with
Trypanosoma musculi (TM),
homogenate (HO), metabolic
product (MP), or physiological saline (PS) for the fullcomplement dietary group.
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The slide chambers were then incubated at 37oC for
30 minutes. After incubation, the slides were stained
by Diff-Quik-Method and cells were examined under
oil immersion at 1500X magnification. The average
number of particles phagocytized per cell and the
percentage macrophages participating in phagoctosis
were determined for each mouse.
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Statistical Evaluation
Two-way analysis of variance and Duncan's multiple range test at the 5% significant level were used.31'32

RESULTS
Mitotic Activity in Liver
Infected and homogenate-inoculated mice fed
JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 89, NO. 4
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Percent macrophages with polystyrene latex particles from noninfected (NI) mice and mice inoculated with Trypanosoma musculi (TM), homogenate (HO),
metabolic product (MP), or physiological saline (PS) for the zincdeficient dietary group.
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Percent macrophages with polystyrene latex particles from noninfected (NI) mice and mice inoculated with Trypanosoma musculi (TM), homogenate (HO),
metabolic product (MP), or physiological saline (PS) for the pairfed dietary group.

full-complement diet showed significant increases
(P=.05) in the number of mitotic phases in liver cells
compared with controls. The percentage increases
for infected and homogenate-inoculated mice
ranged from 7.9% to 80.3% and 6.5% to 99.0%,
respectively (Figure 1A). There were no significant
differences in the number of dividing liver cells

among mice inoculated with metabolic product or
physiological saline.
In the zinc-deficient mice (all treatment groups),
from day 5 to day 40, similar numbers of dividing
liver cells were observed. However, between days
50 and 80, a significantly higher (21.8% to 95.7%;
P=0.05) number of dividing liver cells were seen for
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Figure 3A.

Number of polystyrene latex
particles phagocytized per peritoneal macrophages from noninfected (NI) mice and mice inoculated with Trypanosoma musculi
(TM), homogenate (HO), metabolic product (MP), or physiological saline (PS) for the full-complement dietary group.
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Figure 3B.

Number of polystyrene latex
particles phagocytized per peritoneal macrophages from noninfected (NI) mice and mice inoculated with Trypanosoma musculi
(TM), homogenate (HO), metabolic product (MP), or physiological saline (PS) for the zinc-deficient dietary group.
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the infected mice compared with controls. From day
45 to day 80, mice receiving the homogenate also
showed a greater number of dividing cells, with the
percentage of dividing liver cells ranging from 17.2%
to 65.2% (Figure 1B). There were no significant differences in the number of dividing liver cells among
mice inoculated with metabolic product or physio-

logical saline.
From day 5 to day 20, constant numbers of dividing liver cells were seen for all pair-fed mice.
Infected and homogenate-inoculated mice showed,
on the average, a similar number of dividing liver
cells from day 25 to day 80. The percentage of dividing liver cells ranged from 9% to 74.4% (Figure IC).
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In both groups, increases were significant (P=.05).
There were no significant differences in the number
of dividing liver cells among mice inoculated with
metabolic product or physiological saline. In general, the numbers of dividing liver cells were much less
in zinc-deficient mice compared with mice on fullcomplement or pair-fed diets.

Percentage of Macrophages Phagocytizing
Latex Particles
For mice on full-complement diets, uniform percentages of macrophages with latex particles were
seen between days 5 and 30. From day 35 to day 80,
higher percentages (1.3% to 13.8%; P=.05) of
macrophages with latex particles were observed for
infected and homogenate-inoculated mice compared
with controls (Figure 2A). There were no significant
differences in the percentage of macrophages with
latex particles among mice inoculated with metabolic product or physiological saline.
All treatment groups of mice on zinc-deficient
diets showed gradual decrease in the percentage of
macrophages with latex particles from day 15 to 60
(Figure 2B). Significant (P=.05) percentage differences of 4% to 15.5% were observed from day 65 to
day 80 for infected or homogenate-inoculated over
all other treatment groups. On days 20 and 25 significant increases and on days 34 and 40 significant
decreases in the number of active macrophages were
JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 89, NO. 4
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Number of polystyrene latex
particles phagocytized per
peritoneal macrophages from
noninfected (NI) mice and
mice inoculated with
Trypanosoma musculi (TM),
homogenate (HO), metabolic
product (MP), or physiological
saline (PS) for the pair-fed
dietary group.

noticed for infected mice compared with noninfected mice. There were no significant differences in the
percentage of macrophages with latex particles
among mice inoculated with metabolic product or
physiological saline.
From day 35 to day 80, a higher percentage (2.7%
to 15.5%; P=.05) of macrophages was observed for
mice receiving a pair-fed diet and inoculated with T
musculi or homogenate compared with all other
treatment mice (Figure 2C). In contrast, mice inoculated with metabolic product or physiological saline
showed no significant differences in the percentage
of macrophages with latex particles. Overall, in comparison with mice on the full-complement diet, lower
percentage of macrophages with latex particles were
observed for the zinc-deficient mice.

Polystyrene Latex Particles Phagocytized by
Macrophages
Macrophages isolated from noninfected mice on
full-complement diet phagocytized significantly
(P=.05) more particles between days 20 and 30 compared with all other treatment mice. From day 50 to
day 80, macrophages from infected and
homogenate-inoculated mice phagocytized higher
percentages (13.4% to 25.6%; P=.05) of latex particles than all other groups (Figure 3A).
From day 5 to day 15, there were similar numbers
of particles phagocytized by macrophages isolated
265
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from all mice on zinc-deficient diet. Macrophages
from infected and homogenate-inoculated mice
showed increases in percentages (1.8% to 38.5% and
18.6% to 30.8%, respectively; P=.05) of phagocytized
particles between days 20 and 80 (Figure 3B). No significant phagocytic activities were observed in
macrophages isolated from mice inoculated with
physiological saline or metabolic product.
Macrophages isolated from infected and
homogenate-inoculated mice on pair-fed diet showed
greater numbers (P=.05) of phagocytized particles
than all other treatment groups. Between days 45 and
80, significant increases in phagocytic activities ranging from 10.4% to 29.9% and 13.5% to 31.0% were
observed for macrophages of infected and
homogenate-inoculated mice, respectively. There
were no significant differences in the number of
phagocytized particles by the macrophages isolated
from mice inoculated with metabolic product or
physiological saline. Similar to the full-complement
dietary group, the macrophages isolated from mice
on pair-fed diets showed increases in the phagocytic
activities from day 5 to day 55 in all treatment groups.
Macrophages from full-complement and pair-fed
diets mice phagocytized a greater number of particles
than macrophages isolated from zinc-deficient mice.

aness37 indicated such activities generally were initiated by external stimuli. The magnitude of the
heightened activity seemed to be concordant with
reports from other studies.38340 Chvapil'7 observed
that lack of zinc inhibited the migration of
macrophages and reduced phagocytic activity in
rats and guinea pigs. Fraker et al4l also demonstrated that zinc had an inhibitory effect on phagocytosis. Murray et a133 demonstrated that mice infected
with T brucei showed a marked increase in phagocytic activity of mononuclear cells in liver, lymph
nodes, spleen, bone marrow, and also in nonfixed
macrophages of all tissues. It was postulated that
increased mononuclear phagocytic activity, especially in the liver and spleen, was produced by high
levels of circulating immune complexes.42 The
implication is that the immune complexes could
have been supplied by the parasites themselves.
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